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© An inductance atainarn tor use In a mfcrowav* 
integrated ctouii fbt processing Jiigh-hnquency tig- 
nala ranging from bundled* of MH* id lone GHz. 
A condkidor wiring irt the form of a thin IUm is 
termed by sputtering or j)k* on 0 aomi-rriaufctinff 
compound aemicondvao' substrate o( GaAa for In- 
stance, This conductor nfrfng Is about 2 - 20 urn 
wfde. The intersection b^ocn a lead mre from the 
innor ond o< me canducJof wiring and a spiral coil 
we insulated by means of an air bridge and the |*« 
to torni a spiral inductor. In the spiral inductor, a 
coro portron made <rf high permaafciKly magnate 
material (a provided In (ho central portion of the 
SpiraJ and Ita core portion may be divided into 9 
grid of many amaJT aqua/a Insulated member*. The 
core portion is tfrectty horned on fie aubatae by. 
itu Instance, sputtering high permeability nagnitic 
material «ue» 49 nickof. Wah such an Inductance 
element, the same inductance can bo obtained a» 
before wfth a mlniituTfred element, 
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BACKGROUND OF THg INVENTION 

1. FIELD OF THE INVENTION 

The ptesant Invention relates to an inductanoe 
element and mora p*nicuJirty to an Inductance 
element for ute in a microwave- integrated circuit 
for presetting high-frequency signals ranging Irom 
hundreds ot MM7 m tens of GWx. 

8- DESCRIPTION OF THE RELATED ART 

Due to rrw recent rapid development 0 f In- 
formation neiworhs, a dumaud lor zafeliie commu- 
nication systems Is remarkably Inereasftg and a 
Mater range ot frequencies win In frequencyband 
deaJorujOons tends to became selected. SChoUky 
barrier tiefd affect translators fMESFETe) using 
GaAs compound semiconductors, fo» instance, 
have been put imo practical use as nigh tf/equeney 
field effect transistors. Moreover, the integration of 
the Lnltjel-staga ampl|fS#r unit of ■ down convene/ 
lor converting high fWjquendes to low frequencies 
(0,8., (he oppficatfon of MMCr Monolithic Micro* 
wave * toasted c»roult> la pragrejs^ tor the pur* 
pose of no I only minimizing the system and reduc- 
ing manufacturing coat but also improving perfor- 
mance of the system. 

The reason for the application of MMIC to such 
a communication system that has employad a 
number of decree* M« marts l* attributed to the 
lad that circuitry integration make* it possible to 
deeresse the lumber ot parts, thus reducing peck- 
agji<g cost Consequently, system reliability is im- 
proved as the number of connection* i* decreased 
am: the resulting mast production effect facilitates 
cool reduction si comparison witn a case whare a 
number of di&cmle olonmnts are used for the same 
purpose. 

With such an tyuVtfC, however, ii £ impoesible 
to fit a coil formed by anally winrfng a lead wire 
onto MMJC ea an Inductance ekmenl in the circuit 
built of a number of discrete elemens because the 
circuit; required Has to b* arranged In one plane. 

ConoeovenDy, a distributed constant line' ele- 
ment such AS a micro *Uip lino is employed tor 
WMIC to be used in ftreojuenoy bands si ov<* about 
10 GMa In order te oMw'n a Cmtvd Inductance 
fcvel by jetting the shape, width and the like ol the 
relevant strip fine properly. In mis case, however, 
th* area oooupiad by the clamant tenda (o increase 
and thld trend becomes conspicuous in MMIC lor 
use In low lYoc^oncy bands, to MM(C. moreover. 
<ho yield rate loaett as the chip etze increases and 
this is attended by effects detrimental lo cost r»- 

ductfon per chip because the rnfoUvo numbor of 
chips obtainable from one ahoot or semiconductor 
substrate decrease;*, 



In order te solve the foregoing problems se- 
oornpanymg the related art system, there haa been 
proposed a eo- cased spiral inductor ai which a 
oonduotor line having width of about 2 - 20 fuml is 
c formed on a substrate in a spiral manner. 

However, due to such ar arrangement that a 
conductor fete having width of about 3-10 film] I? 
arranged spirally, tie shspe ot the spiral inductor is 

substantially square as a whole. Although tt is ad- 
tc viritegoous In thet the area occupied in thid caso is 
made smaller nan mat of an ordinary distributed 
constant element In view of one element unit. U 
becomes disadvantBgeous In that the rlegifle i>t 
freedom In des^iDng a layout ol the circuit on the 
re substrate is lowered because of I he square shape. 
When venous tindt of wiring srs actually ea/nad 
out there develops a deed 9 pace resulting f" an 
occurrence of a problem Of increasing I ho chip suo 
On the whole, which ultimately allocti its yield ralo 



m case of the distributed constertf element in 
particular, the chip size, far from decreasing, may 
increase wif> the use erf the spiral Inductor, de- 
pending en the Indactsnce value and me circuit 
is irrangement etnee the degree of freedom (n de- 
signing the layout \ a high. 

SUMMARY OF THE INVENTION 

Jo In view of the above. U |s an oajeci of the 
present enventfon to provide an Inductance element 
so designed as to occupy e smaller area. 

In order to accomplish the objoct, an induc- 
tance element is former! hy arranging spinal etn- 
as duetar wiring in one ptane on e ssw-insufating 
compound semiconductor substrate, end e cone 
portion made Of high permeability magnetic ma- 
terlsi Is provided la the central portion 01 the spiral 
formed by b)m conductor wiring. 
*q Further, the core Ponton is formed wim * &iu- 
ratty of smell members divided and insulated from 
- each oitcair. ; 

The prqvuripn ol the core portion made of high 
permeability magnetic material in the central por- 
ts . Hon of the; spirt conductor wiring results in in- 
creasing, thi permeability of the element on the 
whole, whereby the seme L can be obtained as 
before with ^ smeSor number o* turns. 

Moreover, a plurality of small mamburs aspe- 
ac rated end adulated from each other ere cornbrned 
to form th^ core pOrliun, so Ihol eddy CUrruiik ie 
prevni|ed tyvm Rowing through ^ie core portion. 
Consequent, the upper limit of an operating fre- 
quency for use Is slevaled. 

(S 

BRIEF DESCRIPTION OF THE D HA WINGS 

The eocompsnying drawing 1. wNcb are Into*" 
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pointed In end oofwrttliH* a part off the specification, 
Illustrated ptoocTitiy prc*orrbd Ofnbadtnwnlfl of mo 
invention end. together wfftl the genarai rjescrawon 
fiivon above and thn detailed description ^ the 
preferred embodimanie given befOiy, carve u> ex- 
plain the priftcjpfefi of the invention, in the accom- 
panying drawings; 

Rfl. 1 e ptan view of a first embodkneoi of an 
Inductance element according to the presort 
invnnlinn; 

Rq. 2 ta alao o plan vfew of m second embodi- 
ment cl an inductance element according to Ihe 
present fnven&nn ; *r*j 

3 H & schematic diagram (irustfaiinfl a par- 
ti* cm&s-eecdon ct a core portion of a third 
embedment ot an inductance aWism of the 
present Invention, 

^SCRtPPQN O F THE PREF ERRED EMBODI- 

Referring the accompany ing drawings a 
preferred embodiment ot (ho presani invention re- 
briny to an inductance element will 06 described. 

R<j. 1 Is a plan view of a first embodiment of 
an toduelanco element according to the present 
invention. As shown in Fig. 1. uUtiUudor wiring 13 
m the form of a Ihin lilm of gold and the like is 
termed by vapor deposition or spuTtdnng on a 
ser* -insulating, comppjpd semiconductor substrate 
10 tuch ea QeAa substrate. In this embodiment, 
the conductor wiring 12 about 2 - 20 Um si widft is 
spirally arranged and ouhstartialry square. Hqw. 
ever, that shape (a not limited to this example but 
may bo subscannefy ci»cul#r and optional, tmaraoc- 
tions A between a lead wire l?a lr 0 m the Inner end 
and a spiral coil 12b am insulated by moans of an 
Sir bridge. 

According to the present invention, a cans por* 
Hon 14 which is planar and substantially square as 
a whole is provided to tho CSfltral space ©f a cod 
potion 12b w^ofo no conductor wiring 12 exists in 
this ewe, high permeability magnate malarial such 
as nickel is used tp term the core pu>6on U 
directly on Om Aubstn** w by way or vapor dope 
a Wen or Sputtering. 

Funltor, according to the invention, the cor© 
POiwn 14 may bo divided into a grid of many 
arnaW square members 1 4a with one side about 1 
um tang as shown in «g. 2. These small members 
14a as a whole 6rg uted to term the core portion 
14. Although a momter-to-mdmber spats has to 
bo rnnrfatod. ft is only necessary to provide a 
portion whore no nickel layer Is formed on the 
substrate as shown in Bp. 5 when the core portion 
i« re arranged in ona piano. 

Funnermora, sputtering equipment end nickel 
as material tnr nsn during the process ot manufac- 



turing ordinary MMIC can dlrectfy be uood In this 
embodiment since the coro portion 14 Is to be 
formed by sputta/tne niohol. Therofnre\ there may 
arise no problem of coal increase and the ah* 
9 because the manufacturing ot such a core portion 
can be dealt with only by inereacmg ihe man-hour 
without the necessity of any new special aodrtionel 
process atop. 

Although rt is preferred to use e meek having a 
re pattern corresponding io the grid ot many smell 
members i*a when they are actually formed at b 
time, the core portior 14 may bo formed through 
two steps of iormrng a largo square COrQ portion 
On co on the subsbale and nynovinrj spaces In 
is predetermined positions, in other words, the pro- 
cess of manutachira is optional. 

Although tho shape Of the core portion 14 has 
been set square in cenre/mny with the shape ot ihe 
opff (2a spirally wound, the core portion may be 
*e drcular correspondingly when a Circular sps>al coil 
is employed or may he shaped optionally in any 
form irrelevant to Ihe spiral form, This is also trie 
case with the shape of each smalt member. 

Pig. 3 is aji enssroed perspective view ot a core 
29 portion cut in Hi height direction as a third embodf* 
ment of the present invention, as shown m Fig. a> a 
cere portion 10 is formed by stacking a pturtdity of 
layers (four layers m this ekSJnpfo) of the core 
portions 14. oach of which mdudee a plurality of 
*> email members 14a off the first embodiment More 
epeciRcaly, the core portion .16 ir. this embodiment 
i* termed Of first - fourth core members Id. 90. 22, 
£4 constituting the respective 'ay ore and a dielec- 
tric thin ftm 26 about O.i - 0j urn th/efc which Is 
as held among the core members ib\ 20, 22. 24. 
whereby the adjoining coro members are insulated 
from each other. Moreover, the dielectric thin 1dm 
28 also (unctions as an insulating materiel among 
the amejl members Ifla, 20*, &a, 24a, 01 the 
«9 respective com members 18, 20. 22, 24. 

The |pBfirrsabrlity of the inductance eternent 
can be incrvaaed on the whofa as the coro portion 
Is tanned, in the central space ot Ihe spiral conduc- 
tor wiring thereof according Co the present Invention 
«S end thareibra e high inductance vahro ts obtainnblo 
wfth a rafaUvefy smaff number of I urns. 

Cons|so>ienUy. the attempt to reduce the size of 
the elamjsnt can be implemented and since the 
degree of freedom o1 layout at the time the circuit 
as Is actuoJty aasemblad increases, not onty the area 
occupied, by the efemant bel also that of the whole 
chip as a final product becomes reducible. This 
results in reducing the tost per chip. 

Moreover, the number of intersections between 
ts the lead wire from ihe inner and of the conductor 
wiring and the spiral portion decreaaes as the num- 
ber of turns decrease!}. Further, the number el 
Insulating operation* at these interaeettont do- 
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ciwet, io that thft procow or manulacturo ta 
elmpitottj y»ith the secondary efrect ot rarjudno. 

l cost 

in addition, iho eddy currant is resigned from 
flowing through eh© sore portion evon at nigh fte- | 
quBncCaa «;*c* ft is formed of the plurality of oV 
vided small mom ben? A9 a result, the upper ll/nfl 
ol an oparaimg frequency lor use i* elevated. 

Claim* yfl 

1. An inductance etarnem formed by arranging 
apfra] conductor wiring in one plana on a aeml- 
insulatina com pound semiconductor substrata, 
comprising ft Ctora-poTUon mcfo of high par- re 
mcabllHy magna* materiel which fs provided 

in lh* canlrai portion o( tho spiral formed ty 
aaiO conductor weing. 

2. Tho Inductance element as defined in cls*n I *> 
wharatn aald oora portion comprises s ptu*a% 

of small member* divided end incJated from 
«ach ocnar. 



3. Tho Inductance eiement ** defined in claim f at 
HhenelA said aamKnaulatirie compound aerrs- 
Oonduclor fubstmie la GaAa tubatrsw. 

4» The inductance element aa dafined in claim 2 

wharain said e*rnHnsulaitno cornpcajrtd semi- m 
conductor aubavata (a QiAa twost-ate. 

5- The andutiafie* ttewrmn* ai daflnad Jn claim 1 
wherein aeld high permeability magnetic ma- 
larial ta nickel. » 

a. Tha Intajctinc© element defined »n nttim 2 
wharam said high porme&hlfiry ma on ate ma- 
Cartel feiilctcaL 



49 ! 




t 



PAGE 11/50 * RCVD AT 4/4/2005 2:18: 15 PM [Eastern Daylight Time] ^ SVR:USPT0-EFXRF-1/8 * DNlS:8729306 * CSID:14089770174 * DURATION (mm-ss):17-04 



i 



FR Apr. 4. 2005 11:21AM Wa 1 k e r & Sako, LLP zoos* 4* 4a m 20:03/mii9:47,,No. OlOfc^P. 12p 4? 

Fflvm rAi^T ^Kv,cB ( LTD. 2005* 4R 4B i 6 : 6 ; 2 583563 ? 43 



6P 0 C2* 450 A1 



FIG 1 




FIG 2 
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